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The roles of biomembranes are not limited to the barrier wall, but they also provide functional
interfaces for various biological functions such as intracellular and extracellular signal
transduction, material transport, and energy production. The essential functions of
biomembranes are established on the complex supramolecular networks of lipid bilayers and
membrane proteins. Inspired by the amphiphilic structures commonly found in membrane-active
proteins and peptides, several synthetic functional polymers have been previously designed. The
functional mimic of proteins and peptides using synthetic polymer is challenging due to the lack
of specific monomer sequence, however, the synthetic polymers enable inexpensive synthesis at
a large scale and a variety of chemical Membrane-active Bio-functional
modifications. Additionally, mimicking Peptides / Proteins Synthetic polymer

the function of natural proteins using a

simplified molecular framework is

expected to provide a minimal design

guideline for membrane-active functional

molecules. This article focuses on the

design and evaluation of synthetic

polymers that mimic membrane-

disruptive antimicrobial peptides as well - o .

as lipid nanodisc-forming  apo- Antimicrobial agent Lipid Nanodisc
lipoproteins.
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Figure 1. Biomimetic design of membrane-
active bio-functional molecules using a

synthetic polymer as a molecular framework.
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Sequence: GIGKFLHSAKKFGKAFVGEIMNS

Cationic residues
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Figure 2. Facially amphiphilic structure of a
host-defense peptide, Magainin-2. Cationic
amino acid residues are shown in red color.
(PDB: 2MAG)
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Figure 3. Chemical structure of an
antimicrobial polymethacrylate derivative. R

represents a hydrophobic sidechain.
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Figure 4. Membrane disruption induced by
antimicrobial polymethacrylate derivatives.
Bar = 10 uym. Figures are modified from [10].

Copyright 2021, American Chemical Society.
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Figure 5. Domain formation in a bacterial
model GV induced by an antimicrobial
polymethacrylate derivative. Bar = 10 um.
Figures are modified from [14]. Copyright
2022, Springer Nature.
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Figure 7. Formation of lipid nanodiscs.

A) Chemical structure of nanodisc-forming

polymer, B) Size distribution of nanodiscs

determined by DLS, C) Negative-stain TEM
image of lipid nanodiscs. Figures are
modified from [18]. 2017,

American Chemical Society.
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Figure 8. Interaction of human islet amyloid
polypeptide (hIAPP) with lipid nanodiscs
evaluated by Thioflavin T (ThT) fluorescence
(A) and circular dichroism (CD) (B). Figures
are modified from [18]. Copyright 2017,

American Chemical Society.
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